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(3) Shielded dual element magnetoresistive reproduce head exhibiting high density signal 
amplification. 



(57) A shorted dual MR head which is magneti- 
cally shielded for the purpose of isolating the 
dual MR head from extraneous magnetic fields 
and from long wavelength recorded signals 
which could cause nonlinear distortion of the 
dual MR head but not shielded for the purpose 
of improving linear resolution. The magnetic 
shields do not significantly affect linear resol- 
ution of the dual MR head and can be spaced 
apart from the dual MR head over a wide range 
of separation distances limited by factors other 
than the characteristic bit length of the mag- 
netic signal to be resolved. In one embodiment, 
at least one shielding element for the dual MR 
head can be one of the poles or other compo- 
nents of an inductive record head and, together, 
the two heads can form an integrated thin-film 
inductive record/MR reproduce head assembly. 
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FIELD OF INVENTION 

The present invention relates generally to a mag- 
netoresistive reproduce head, and more particularly 
to a dual element magnetoresistive reproduce head. 

DESCRIPTION RELATIVE TO THE PRIOR ART 

A shorted dual element magnetoresistive (DMR) 
head is disclosed in U.S. Pat No. 5,084,794 (794), 
entitled "Shorted Dual Element Magnetoresistive Re- 
produce Head Exhibiting High Density Signal Ampli- 
fication" issued January 28, 1992 to the same inven- 
tor as this Application. Magnetic shielding for magne- 
toresistive (MR) heads has been described in: "Digital 
Magnetic Recording Theory/ IEEE Trans. MAGN. , 
Potter, Vol. Mag-10, pp. 502-508 (Sept. 1974) and 
"Magnetoresistive Transducers in High-Density Mag- 
netic Recording," AIP Conf. Proc. (Magnetism and 
Magnetic Materials) 20, Thompson, pp. 528-533 
(1974). Magnetic shielding disclosed in these refer- 
ences is described as a yoke of permalloy or other 
magnetically permeable material mounted with 
shielding faces parallel to the surfaces of the sensor 
element(s) (MR elements) of an MR head and spaced 
with an insulating layer providing a gap between the 
shielding elements and the MR elements. 

It has long been known in the art that MR heads 
with magnetic shields arranged in such fashion pro- 
vide several advantages over MR heads withoutsuch 
shields. Among these advantages are: isolation of the 
MR sensor from magnetic fields arising from external 
stray sources; protection against magnetic saturation 
due to the potentially large magnetic fields from long 
wavelength components of signals recorded in the 
medium; and improved thermal protection of the head 
by encapsulating the relatively delicate MR sensing 
structures in comparatively massive shielding struc- 
tures with high thermal conductivity. Of even greater 
importance in conventional MR heads, magnetic 
shields arranged in the fashion described above im- 
prove linear resolution of the MR head, i.e., the ability 
of the MR head to resolve magnetic transitions on the 
magnetic tape or other media. The minimum length 
between recorded transitions in the magnetic media 
is commonly referred to as a "minimum bit length," 
and the linear resolution of an MR head is determined 
by the minimum bit length which can be reliably de- 
tected while distinguishing between adjacent bits. 

Conventional MR heads increase linear resolu- 
tion by using magnetic shielding structures to isolate 
the MR elements from magnetic fields associated 
with transitions approaching and/or receding from the 
MR elements until such time as each transition be- 
comes located immediately below the MR elements 
and interior to the inside surfaces of the shielding ma- 
terial surrounding the MR elements. As stated in Pot- 
ter, page 153: The purpose of the shields is not to re- 



duce electromagnetic interference from external 
sources; rather, it is to shield the MR stripe from the 
approaching transition until the last possible moment 
and thereby increase the resolving ability of the 
5 head." As further disclosed at Column 3, lines 47-52, 
in U.S. Patent No. 3,860,965 entitled "Magnetoresis- 
tive Read Head Assembly Having Matched Elements 
for Common Mode Rejection" issued to O. Voegeli in 
1973: "The spacing between shields...determines the 

10 minimum bit spacing allowable. As long as the bits are 
spaced at distances greater than the inside dimen- 
sions of the shield, only the bit under the MR ele- 
ments is sensed by the elements." Itfollows that in or- 
der to maximize linear resolution, conventional MR 

15 heads are designed and fabricated to minimize the 
gap between the MR elements and the shielding 
structures such that the shield-to-sensor gap re- 
mains less than or equal to the "minimum bit length" 
expected to be resolved by the MR elements. 

20 Unfortunately, as magnetic recording technology 

is driven toward higher linear densities, efforts to fab- 
ricate increasingly narrow gaps between shielding 
structures and MR elements require increasing com- 
plexity and precision of fabrication with associated 

25 higher processing costs together with lower yields of 
finished product. Additionally, the narrower the insu- 
lating gap between magnetic shield material and MR 
elements, the more likely that the integrity of the in- 
sulating gap will be broken by pinholes, smearing of 

30 either MR elements or shielding material across the 
insulating gap, as well as other adverse tribological 
conditions at the head-medium interface. 

Because of the above limitations, a need has 
been felt for an MR head with good linear resolution 

35 which is easier to fabricate and which has a more re- 
liable and more robust insulating gap between the 
shield elements and MR elements than conventional 
shielded MR heads. 

40 SUMMARY OF THE INVENTION 

It is an object of this invention to provide an im- 
proved DMR head. 

It is a feature to provide an improved DMR head 

45 that overcomes the problems identified above with 
respect to fabrication, yield and reliability of narrow- 
gap shielded MR heads. This and other features of 
the present invention are achieved by combining a 
DMR head with magnetic shielding structures spaced 

so with a gap between each shielding element and the 
MR elements, such gap being sized without regard to 
the linear resolution desired from the MR head. It has 
been discovered that when this design is utilized, high 
linear resolution is obtained independently by virtue 

55 of the dual element MR head. In addition, effective 
shielding against detection of extraneous magnetic 
fields and improved immunity to nonlinear distortion 
due to very long wavelength signals is obtained by 
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the magnetic shielding structures. Thus, an MR head 
with high linear resolution, with improved immunity to 
extraneous magnetic fields, and with compatibility 
with an integrated inductive record/MR reproduce 5 
head structure can be manufactured in accordance 
with this invention with easier fabrication than con- 
ventional shielded MR heads of similar linear resolu- 
tion, with higher yield and with greater reliability dur- 
ing use. 10 

In the preferred embodiment, the DMR elements 
are surrounded by shielding elements (one on each 
side) with the shield-to-shield gap being substantially 
greater than two minimum bit lengths but less than 
the height of the MR elements. 15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a partial cut-away schematic perspec- 
tive view of a shielded shorted dual mag ne tore- 20 
sistive head according to the present invention; 
Figure 2a is a schematic cross sectional view of 
the shielded shorted dual magnetoresistive 
head; 

Figure 2b is a schematic top-down view of the 25 
shielded shorted dual magnetoregistive head; 
Figure 3 is an equivalent circuit diagram of the 
shorted dual magnetoresistive head; 
Figure 4 is a diagram of dual magnetoresistive 
elements, magnetic shields, magnetic medium, 30 
and magnetic fields interacting between such 
magnetoresistive elements; 
Figure 5 is a plot of relative response levels of two 
shielded and an unshielded DMR head at record- 
ed signal densities ranging from near 0 to 300 35 
kilo-flux changes per inch; 
Figure 6 is a plot of relative response levels of two 
shielded conventional MR heads, an unshielded 
conventional MR head, and an unshielded DMR 
head at recorded signal densities ranging from 40 
near 0 to 300 kilo-flux changes per inch; and 

BRIEF DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

45 

In accordance with the invention and referring to 
Figures 1, 2, or 3, the dual magnetoresistive (DMR) 
head 70 consists of two magnetically, electrically, and 
geometrically matched MR elements 72, 74 (made of 
electrically conductive, magnetically permeable, and so 
magnetoresistive material such as Permalloy) sepa- 
rated over their entire lengths by a combination of 
nonmagnetic spacer 76 (made of material such as 
SiO^ over their central region and by matched "short- 
ing" stubs 78,80 of conductive material (e.g. Au) at 55 
each end. (The circumstance of a conductive spacer 
76 identical in composition to shorting stubs 78 and 
80, which then form an essentially homogeneous 
spacer, 76,78,80 (e.g., Ti) is but a particular, easily 



fabricated special case of the more general structure 
indicated in Figures 1,2). A sense and biasing current 
82 flowing to the head 70 via the leads 84,86 divides 
between the two MR elements 72,74. These currents 
88,90 will be essentially equal because the MR ele- 
ments 72,74 are nominally identical and because the 
shorting stubs, 78,80 electrically connect both MR 
elements 72,74 in parallel (see Figure 3). Referring to 
cross-section view Figure 2a and top-down view Fig- 
ure 2b, two shielding elements, 10 12, composed of 
suitably high magnetic permeability material (e.g., 
Permalloy), are positioned side-by-side to the two 
MR elements 72, 74 and are separated from them by 
spacers [not shown] composed of suitable electrically 
and magnetically insulating material (e.g., Si0 2 or 
Al 2 0 3 ) of thicknesses G 1 and 

Referring to Figure 3, the equivalent electrical cir- 
cuit of the DMR head 70 consists of a total current 82 
flowing into parallel resistances R72, R 74 , and R 76 , 
which are the resistances of MR elements 72 and 74, 
and spacer layer 76, respectively. The electrical po- 
tential (i.e., voltage of these film elements will by 
Ohm's law vary linearly along the current flow direc- 
tion. By fabricating the electrically shorted condition 
across shorting stubs 78,80, the voltage will be es- 
sentially identical in all three layers, regardless of 
whether a small mismatch exits between MR ele- 
ments 72,74 (likely to be unavoidable in practice), and 
regardless of the resistance R 76 of gap spacer 76, 
which may be chosen to be an electrically insulating 
layer. Because of the equality of voltage across all 
three layers, current flow in the DMR head will be un- 
altered due to any additional inadvertent electrical 
shorts (from similar sources as described earlier for 
the shielded MR head) between MR elements 72,74 
and across an arbitrarily large resistivity gap spacer 
76. As a result, the magnetic biasing and reproduce 
performance of the DMR head 70, which are func- 
tions of the sense currents 88,90, will be operationally 
immune to these types of shorts. 

Referring again to Figure 1, the DMR head is de- 
signed to predominantly sense the y-component of 
magnetic signal fields from the recorded magnetic 
medium 30. It is assumed that the non-biased quies- 
cent magnetic state of the DMR head 70 is with both 
MR element magnetization vectors lying longitudinal- 
ly along either ± z-axis. It is well known in the art that 
linear operation of any MR reproduce head requires 
establishing, through some means, a non-zero bias 
angle, 0 b , (preferably approximating 45°) represent- 
ing the angle by which the magnetization vectors of 
the MR elements are rotated in the YZ plane (thereby 
having a y-component) in response to the bias 
means. This rotation of the magnetization in turn af- 
fects the electrical resistance of the MR head to a 
sense current flowing along the longitudinal, z-axis of 
the MR head. Since the y-component of magnetic sig- 
nals from the recorded medium interact with the mag- 
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netization of the MR elements, such recorded mag- 
netic signals cause the angle of the magnetization 
vectors, 0, to modulate around 6 b . Such modulation, 
50, caused by the recorded signal fields in turn mod- 5 
ulates the electrical resistance of the MR head which 
in turn causes the voltage of the sense current to 
modulate around its initial bias voltage, V b . This mod- 
ulation in sense current voltage, Sy, forms the detect- 
able signal by which the magnetic signal fields from 10 
the recorded medium are transduced into detectable 
electrical signals. 

Referring to Figure 4, it is well known in the art 
(Voegeli, U.S. Patent No. 3,860,965 and Smith, U.S. 
Patent No. 5,084,794) that DMR sense currents 88 15 
and 90 flowing in elements 72 and 74, respectively, 
will generate y-axis magnetic fields H72 = -H 74 which 
are antisymmetric (i.e., equal in magnitude but oppo- 
site in direction) at the site of the adjacent MR ele- 
ments 72,74 which in turn will induce approximately 20 
antisymmetric y-cornponent magnetizations M 72 = 
-M74 in the MR elements. It is also well known in the 
art that these antisymmetric magnetization distribu- 
tions will themselves produce fields at the adjacent 
MR element which are parallel to either H 72 or H 74 and 25 
which, in effect, greatly aid in amplifying the net bias 
magnetizations (M b72 = -M b74 ) or net bias angles (0 b72 
~ * 0 b74 ) that are obtained for a given magnitude of 
sense current. This amplification, or "bootstrapping" 
(as it is referred to in Smith, Patent No. 5,084,794), 30 
is a direct physical consequence of the relatively low 
magnetostatic energy of anf/symme*r/V>magnetostat- 
ically-coupled films, as is the case for the close- 
proximity, adjacent DMR films 72 and 74. Because 
sense currents 88, 90 of the DMR head 70 simulta- 35 
neously produce both the signal voltage, 8v, as well 
as the proper bias angles 0 b72 and 0 b74 at practical 
sense current densities, the DMR head is "self- 
biased." 

As was described pictorial ly by Smith, U.S. Pa- 40 
tent No. 5,084,794, the reproduce signal, 8y, of a 
DMR head is proportional (to first order) to the differ- 
ence (5M72 - SM74) in magnetization modulation pro- 
duced by the signal fields 5H 72 and SH74 from the re- 
corded medium, at the site of the head-medium inter- 45 
face with elements 72 and 74, respectively. Any sig- 
nal field distribution (SH72, 5H 74 ) may always be ex- 
pressed as the superposition of the symmetric distribu- 
tion (8H S , 5H S ) and antisymmetric distribution (8H a> -8Ha) 
(where 8H S = (SH^ + 6H 74 )/2, and 8H a = (SH^ -8H 74 )/2). 50 
These quantities in turn will produce either symmetric 
(8M-72 = 5M 74 ) or antisymmetric (SM^ = -5M 74 ) mag- 
netization modulations. Since 8y is proportional to 
SM^-SM^, it follows that only the antisymmetric ^com- 
ponent of the signal field distribution will (to first or- 55 
der) produce a nonzero signal from a DMR head. For 
a given peak-to-peak amplitude signal field, the anti- 
symmetric signal field component amplitude 5H a will 
be a maximum when the bit length is approximately 



equal to the thickness, g, of spacer 76 between MR 
elements 72,74. Thus, the DMR spacer thickness g 
may be to some extent "tuned" to provide maximum 
reproduce sensitivity at a chosen recorded minimum 
bit length to be resolved. 

Further, due to the amplification (or "bootstrap- 
ping") of any antisymmetrically induced modulation 
(8Mt2 = -8M 74 ) for the reasons discussed above, re- 
produce sensitivity of a DMR head to high density 
(minimum bit length of comparable size to gap thick- 
ness, g) recorded signals can be substantially greater 
than that of a geometrically similar, single-layer un- 
shielded MR (UMR) head. Conversely, for low density 
recorded signals (minimum bit length » g ) the signal 
fields are predominantly symmetric in nature (i.e., 
8H 72 « 8H 74 ), and the DMR reproduce sensitivity to 
such low density recorded signals becomes substan- 
tially less than the unshielded MR head. This simul- 
taneous enhancement of reproduce sensitivity at high 
linear densities and decreased sensitivity at low den- 
sities is fundamentally responsible for the increased 
linear resolution of the DMR. 

The above response behavior is closely analo- 
gous to the functioning of a conventional shielded MR 
head in which the magnetic shields isolate the MR 
element from low density recorded signals (minimum 
bit length » MR element-to-shield gap G) but interact 
with high density recorded signals (minimum bit 
length of comparable size to MR element-to-shield 
gap G) with the effect that such interaction by the 
shields with high density recorded signals actually in- 
creases the net 8H at the site of the MR element be- 
tween the shields. Thus, in a conventional shielded 
MR head, linear resolution is most influenced by the 
distance of the MR element-to-shield gap, G, where- 
as in a DMR head, linear resolution is most influenced 
by the thickness, g, of spacer 76. However, unlike a 
conventional shielded MR head where operation of 
the head depends upon electrical isolation of the MR 
element from the shields, the DMR's immunity to 
electrical shorting puts no relevant technological re- 
strictions on the thickness g of spacer 76. It follows 
that linear resolution of a conventional shielded MR 
head is limited in practice by the limits of fabrication 
and yield of MR element-to-shield gap G whereas, in 
a DMR head, the analogous spacer thickness g does 
not serve as a practical restriction on the minimum re- 
corded bit length that may be successfully resolved. 

As described above, the enhanced reproduce 
sensitivity to high density recorded signals and in- 
creased linear resolution of the DMR head is an in- 
trinsic property of the DMR head design and is not di- 
rectly affected by the presence of magnetic shields. 
Accordingly, the present invention teaches the addi- 
tion of shielding structures to the DMR head to ach- 
ieve other benefits unrelated to the enhancement of 
linear resolution. One primary benefit is the shielding 
of the DMR from extraneous, primarily uniform mag- 
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netic fields (e.g., from the actuator motor in a conven- 
tional disk-drive). In particular, shielding of a DMR 
head is effective against extraneous fields along the 
± z direction, for which the DMR does not necessarily 5 
provide the symmetric (common) mode rejection as 
described above for uniform y-axis fields. Also, a 
shielded DMR may be incorporated in an integrated 
thin-film inductive record/MR reproduce head (as 
might be used in disk-drive applications), in which one 10 
of the shield structures may also serve as one pole 
of the thin-film record head. Provided the DMR-shield 
gaps and G 2 are large compared to the DMR 
spacer thickness g, the presence of the shields have 
little or no significant influence on the DMR reproduce 15 
sensitivity (as a function of recorded linear density). 

Figures 5 and 6 show theoretical results for the 
relative intrinsic reproduce sensitivity S(X) versus re- 
corded linear density MX (where X represents the re- 
corded wavelength which, in turn, is the equivalent of 20 
2 bit lengths) for several specific types of MR heads, 
computed as described by Smith et al, IEEE Trans. 
Magn., MAG-23, 2494 (1987). ${X) is proportional to 
signal voltage 6V(X) for reproduction of sinusoidally 
magnetized media. (Well known X -dependent factors 25 
which are common to all heads, such as spacing loss, 
have been excluded). The computations are valid un- 
der the conditions that the recorded signal trackwidth 
on the magnetic medium ts greater than the z-axis ac- 
tive track width, W, - W 2 . of MR elements 72,74 (Fig- 30 
ure 2b) and that MR element length, W 1t significantly 
exceeds the y-axis height L, of MR elements 72,74 
(Figures 2a, 2b). Figure 5 shows S(X) for an unshield- 
ed, as well as a one and two-sided shielded DMR 
head with MR element height L - 2 urn; MR element 35 
thickness t = 0.02 **m, spacer thickness g = 0.1 urn, 
and MR element-to-*lueld gap(s) G, = G 2 = 0.5 um 
(Figures 2a, 2b). The shielding structures are as- 
sumed large compared to the MR elements 72,74 
(e.g., T 8 £ 1 urn, L, - 2 times L and W 8 > W,) [Figures 40 
2a, 2b]. Assuming such largeness, the precise dimen- 
sions do not otherwise affect the results of Figures 5 
and 6. The particular DMR design considered here 
would be appropriate for applications in which the re- 
corded minimum bit length corresponds to linear re- 45 
cording densities between 100 and 200 kilof lux-chan- 
ges- per-inch (KFCI). Figure 5 illustrates that the sen- 
sitivity function S(X) for this DMR is not significantly 
affected by the presence of shielding structures hav- 
ing MR element-to-shield gaps, G 1( G 2 , equal to 0.5 so 
u.m . Further, the influence of shields with G 1( G 2 
gaps greater than 0.5 urn would be even less. In all 
cases, the maximum in the sensitivity function S(X) 
occurs when bit length XI2 approximates spacer 
thickness g, in accordance with earlier descriptions. 55 

Figure 6 compares S(X) for an unshielded DMR, 
a conventional unshielded MR head (UMR), and two 
conventional shielded MR heads (SMR). In all cases, 
MR element height L = 2 urn and MR element thick- 



ness t = 0.02 urn. In the case of the DMR, spacer 
thickness g = 0.1 urn. In one SMR example, the MR 
element-to-shield gap, G, equals 0.1 urn and in an- 
other SMR example, such gap, G, equals 0.5 um. As 
shown in Figure 6, an SMR head with a MR element- 
to-shield gap, G, equal to 0.1 urn achieves perfor- 
mance comparable to a DMR head with a spacer 
thickness g of 0.1 urn. Both of these SMR and DMR 
heads achieve comparable linear resolution and high 
density signal levels and similar decreased sensitivity 
to low linear densities. In practice, however, an SMR 
with a MR element-to-shield gap, G, equal to 0.1 um 
is at or below current technological limitations for a 
shielded MR head (Tsang et al, IEEE Trans. Magn., 
26, 1689 (1990), Takano etal, IEEE Trans. Magn. 27, 
4678 (1991)), while a DMR head with spacer thick- 
ness g = 0.1 u.m is easily fabricated. By example, a 
more practical SMR head is one with a MR element- 
to-shield gap G equal to 0.5 um. Its performance as 
shown in Figure 6 is in stark contrast to the perfor- 
mance of the SMR head with G = 0.1 um, of the un- 
shielded DMR head or of the shielded DMR head with 
comparable G = 0.5 um. Specifically, the perfor- 
mance of the practical SMR head with G ^ 0.5 um 
shows substantial loss of performance for high linear 
densities exceeding 75-100 KFCI. Thus, for high den- 
sity linear resolution, a DMR head offers a more prac- 
tical and robust solution. As shown in Figure 5 and un- 
like a SMR head, the presence or absence of magnet- 
ic shields does not significantly affect the linear reso- 
lution of a DMR head. 

Regarding the shielding of the DMR from extra- 
neous uniform fields and referring again to Figure 2b, 
best shielding from z-axis fields will in general occur 
when at least one of the shielding structures satisfy 
the sufficiency condition that G 1( G 2 < (W 8 - W t ). Giv- 
en the general flexibility in choosing shield width, W s , 
for at least one shielding structure and because, as 
discussed above, performance of a DMR head is es- 
sentially unaffected by shields whenever G1, G2 
greatly exceed spacer thickness g, a wide range of 
relatively large DMR element-to-shield gaps, G 1f G2 
may be successfully employed, regardless of how 
small the minimum bit length. This ability to greatly 
vary the MR element-to-shield gap, G, without dimin- 
ishing reproduce sensitivity of the DMR is one of the 
important features of the current invention. When 
compared to conventional shielded MR heads which 
require MR elements-to-shield gaps, G, equal to or 
less than the minimum bit length, the ability to make 
such gaps much larger than such minimum bit length 
sharply reduces the probability of device failure and 
greatly ameliorates the previously described fabrica- 
tion and yield problems of conventional SMR heads. 
Although DMR heads already offer intrinsic insensh 
tivity to uniform y-axis fields, shielding from extrane- 
ous y-axis fields will be best when G 1( G 2 is less than 
the MR element height, L This is in contrast to con- 
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ventional SMR heads where such gaps, G, are deter- 
mined by the much smaller minimum bit length of the 
recorded signal. Also, although the extinction of ex- 
traneous fields at the site of the MR elements 72,74 5 
will in general be greatest for two-sided shielding 
structures, adequate shielding should still be ach- 
ieved using single-sided shielding structures meeting 
the above geometrical criteria. 

Another innovative feature of the shielded DMR 10 
relates to the method of providing magnetic bias to 
the MR elements. As is well-known under prior art, 
magnetic bias fields are applied in a conventional un- 
shielded MR head either by placing the MR element 
within the magnetic field of a near-by (but non-adja- 15 
cent) permanent magnet or by adding adjacent bias- 
ing layers (either soft magnetic layers or a current- 
shunt conducting layer) parallel and side-by-side to 
the MR element In a conventional shielded MR head, 
the non-adjacent permanent magnet method cannot 20 
be used because the shields isolate the MR element 
from the magnetic field of the permanent magnet. A 
conventional shielded MR head thus can likely only 
be biased by adding adjacent biasing layers. These 
extra layers, however, increase fabrication complexi- 25 
ty and also shunt sense current away from the active 
MR element, thereby reducing sensitivity by as much 
as 50 percent In contrast, a DMR head is self-biasing, 
and, with a sufficiently large resistivity material com- 
prising spacer 76, need not suffer any appreciable 30 
shunt loss. A shielded DMR thus adds protection 
against extraneous uniform fields without requiring 
additional internal biasing complexities. It follows that 
a shielded DMR provides good reproduce sensitivity 
without incurring appreciable shunt loss. 35 

Finally, it is noted that, as suggested in the very 
low density portion of the curves shown on Figure 5, 
the shielding structures for a DMR head tend to shield 
out signal fields for recorded wavelengths roughly 
greater than 6 times the MR element-to-shield gap, G 40 
(i.e. X > 6 times Gj) at which point the signal fields be- 
come spatially uniform across the gap, G. It is well 
known in the art that the amplitude (averaged over 
MR element height L) of long wavelength (roughly X 
> L) recording signal fields may be sufficiently large 45 
to cause substantial non-linear distortion in an un- 
shielded MR head (the effects of which are not ac- 
counted for in Figures 5,6). The inclusion of shields for 
the DMR head therefore provides the additional ben- 
efit of reducing possible non-linear distortion and/or so 
saturation for recorded wavelengths X > 6 times G 1t2 , 
particularly when G 1( G 2 < L. It follows from the above 
that a preferred maximum MR element-to-shield gap, 
G, should be less than 6 times the wavelength of a 
recorded signal which could be expected to cause 55 
non-linear distortion and/or saturation in the DMR 
head. 

Features and advantages of the invention include 
the following: 



An advantage of this invention is that less preci- 
sion is required during the manufacture of the MR 
head since the gap between shields and MR sensor 
elements can be substantially greater than the nar- 
row gap conventionally required between magnetic 
shielding elements and MR sensor elements. This de- 
crease in design and fabrication precision allows 
cheaper manufacture and greater yield. 

An additional advantage of the invention, when 
compared to conventional shielded MR heads, is the 
ability to avoid electrical shunt losses. Conventional 
shielded MR heads disclosed in the prior art for high- 
density applications use additional bias layers (soft 
adjacent or current shunt bias) inside the shields, ad- 
jacent to and-shorted electrically to the MR element 
The presence of these bias layers reduces the signal 
output by that fraction of current shunted through 
such bias layers, and such signal loss may be as large 
as 50%. In the preferred embodiment of the present 
invention, the sense current in the MR layers pro- 
vides both signal and all necessary bias without any 
appreciable shunt losses. 

An additional advantage of this invention is that 
the larger than normal gap permits use of thicker lay- 
ers of insulating material between the shielding ele- 
ments and MR sensor elements. This thicker insulat- 
ing layer makes pinholes, cracks, and other defects 
in the insulating layer less likely during fabrication and 
during use. This results in higher yield during manu- 
facture and more reliability during use. 

A further advantage of this invention is that the 
thicker than normal insulating layer reduces the like- 
lihood that an electrical short will result from smearing 
due to abrasion between the magnetic tape or other 
medium and the softer MR sensor or shielding ele- 
ment materials. Such shorts between shielding ele- 
ments and MR sensor elements result in degradation 
or destruction of the ability of the MR head to trans- 
duce the signal being detected. 

A further advantage of the invention is that a 
DMR head which is to be used for predictable char- 
acteristic bit lengths can be fabricated to maximize 
sensitivity of such DMR to such characteristic wave- 
lengths without modifying the MR element-to-shield 
gap, G. This is done by adjusting spacer thickness g 
between the MR sensor elements. 

Afurther advantage of this invention over an un- 
shielded DMR is that it readily allows integration of 
the DMR head into an integrated thin-film inductive 
record/MR reproduce head structure such as could 
be used in a hard disk drive. Additionally, one of the 
poles in an inductive record head can also serve as 
a shield for the DMR head. 

The invention has been described in detail with 
particular reference to preferred embodiments there- 
of, but it will be understood that variations and modi- 
fications can be effected within the spirit and scope 
of the invention. 
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Claims 

1 . A magnetic head assembly for detecting magnet- 
ically recorded signals, said magnetic head as- 5 
sembly comprising: 

a) spaced apart, shorted dual magnetoresis- 
tive sensor elements; 

b) means for longitudinal concurrent current 
flow in said magnetoresistive elements, 10 
whereby said elements mutually magnetically 

bias each other 

c) means for detecting the resistance change 
in said magnetoresistive elements in re- 
sponse to magnetic signal fields from said 15 
magnetically recorded signals; and 

d) magnetic shield means for shielding said 
magnetoresistive elements from undesired 
magnetic signals. 

20 

2. The magnetic head claimed in Claim 1, wherein 
said recorded signals have a characteristic mini- 
mum bit length and wherein said shield means is 
positioned generally side-by-side, parallel to, and 
spaced apart from said magnetoresistive ele- 25 
ments by a distance greater than said character- 
istic minimum bit length. 

3. The magnetic head claimed in Claim 1, wherein 

said shield means comprises a pair of magnetic do 
shield elements each located side- by-side and 
spaced apart from one of said magnetoresistive 
elements. 

4. The magnetic head claimed in Claim 3, wherein 35 
said recorded signals have a characteristic mini- 
mum bit length and wherein the distance be- 
tween the near inside surface of said pair of 
shield means is greater than twice said charac- 
teristic minimum bit length. 40 

5. The magnetic head claimed in Claim 1, wherein 
each said shield means is spaced apart from one 
said magnetoresistive elements by a distance 

less than the height of said magnetoresistive ele- 45 
ment 

6. The magnetic head assembly of Claim 1 , wherein 
each of said shield means is spaced apart from 

one said magnetoresistive element by a distance so 
less than one-sixth times the bit length of record- 
ed signals which are expected to induce non-lin- 
ear distortion in said magnetoresistive elements. 



The magnetic head claimed in Claim 1, wherein 
the space between each said shield means and 
said magnetoresistive elements is occupied by 
electrically insulating material. 



55 



B. The magnetic head assembly of Claim 1 , wherein 
each said shield means has a long dimension and 
a short dimension which exceed the respective 
long and short dimensions of said magnetoresis- 
tive elements. 

9. The magnetic assembly of Claim 8, wherein said 
magnetoresistive elements are electrically short- 
ed at both ends but not the middle of said long di- 
mension of said magnetoresistive elements. 

1 0. The magnetic head assembly of Claim 8, wherein 
said shield means and said magnetoresistive ele- 
ments are spaced apart by a distance less than 
the remainder determined by subtracting the 
length of said long dimension of said magnetore- 
sistive elements from the length of said long di- 
mension of said shield means. 

11. The magnetic head assembly of Claim 1, wherein 
said magnetoresistive elements are electrically 
shorted along substantially their entire length by 
an electrically conductive spacing means. 

12. The magnetic head assembly of Claim 1, wherein 
the distance between said magnetoresistive ele- 
ments approximates the characteristic bit length 
of the recorded signal expected to be transduced. 

1 3. The magnetic head assembly of Claim 1 , wherein 
said magnetic head assembly is located in prox- 
imity to a means for inductive recording and is 
aligned with said inductive recording means such 
that said magnetic head assembly can detect 
magnetically recorded signals on the same re- 
cording track on which said inductive recording 
means can record. 

1 4. The magnetic head assembly of Claim 1 3, where- 
in one component of said inductive recording 
means serves as at least an element of said 
shield means. 

1 5. The magnetic head assembly of Claim 1 , wherein 
the distance between said magnetoresistive ele- 
ments is filled with sufficiently resistive material 
such that substantially all of said concurrent cur- 
rent flow is through said magnetoresistive ele- 
ments. 

16. A method of fabricating a magnetic head assem- 
bly for detecting magnetically recorded signals, 
said method comprising: 

a) spacing apart and shorting dual magnetor- 
esistive sensor elements; 

b) applying a longitudinal concurrent current 
flow in said magnetoresistive elements, 
whereby said elements mutually magnetically 
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bias each other 

c) detecting a resistance change in said mag- 
netoresistive elements in response to mag- 
netic signal fields from said magnetically re- 5 
corded signals; and 

d) shielding said mag netoresistive elements 
from undesired magnetic signals. 

17. The method claimed in Claim 16, wherein said re- 10 
corded signals have a characteristic minimum bit 
length and wherein said shielding step further in- 
cludes the step of spacing apart a means for 
shielding from said mag netoresistive elements by 

a distance greater than the characteristic mini- 15 
mum bit length. 

18. The method claimed in Claim 16, wherein said 
shielding step further includes the step of locat- 
ing a pair of magnetically shielding elements in a 20 
side-by-side and parallel arrangement each 
spaced apart from one of said mag netoresistive 
elements. 

19. The met hod claimed in CI aim 18. where in said re- 25 
corded signals have a characteristic minimum bit 
length and wherein the shiektag step includes 

the step of locating the pair of magnetically 
shielding elements with a distance between the 
near inside surfaces of said pair greater than 30 
twice said characteristic minimum bit length. 

20. A method of fabricating a magnetic head assem- 
bly for detecting magnetically recorded signals 
having a characteristic bet length, said method 35 
comprising: 

a) spacing apart and shorting dual mag netor- 
esistive sensor elements; 

b) designing and fabricating the distance be- 
tween said magnetoresistive elements such 40 
that said distance approximates the charac- 
teristic bit length of said recorded signal ex- 
pected to be transduced; 

c) applying longitudinal concurrent current 
flow in said magnetoresistive elements, 45 
whereby said elements mutually magnetically 
bias each other, and 

d) detecting a resistance change in said mag- 
netoresistive elements in response to mag- 
netic signal fields from said magnetically re- so 
corded signals. 

21. The method claimed in Claim 20, further compris- 
ing the step of shielding said magnetoresistive 
elements from undesired magnetic signals. 55 
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